Abstract-There are over 40 subsystems being developed for the future SLS and Orion Launch Systems at Kennedy Space Center. These subsystems developed at the Kennedy Space Center Engineering Directorate follow a comprehensive design process which requires several different product deliverables during each phase of each of the subsystems. This Paper describes this process and gives an example of a subsystem where this systems engineering process has been applied.
INTRODUCTION
There are over 40 subsystems being developed for the future SLS and Orion Launch Systems at Kennedy Space Center. These subsystems developed at the Kennedy Space Center Engineering Directorate follow a comprehensive design process which requires several different product deliverables during each phase of each of the subsystems. The current refined design process outlined in this paper has evolved over time through modifications which came about through lessons learned as designs were developed through systems engineering practices such as the technical design reviews. This paper gives a summary which describes the process for technical review of the engineering products produced by the Kennedy Space Center (KSC) Engineering and Technology Directorate during the design and development phase [1] . This Paper also gives an example of where the process has been recently applied.
One of the key systems engineer products that are reviewed is the requirements related to the subsystem. These requirements originate from the program as level 1 and 2 requirements. As an example of a high level requirement from the Space Shuttle would be: The Space Shuttle Shall use solid rocket motors. Then these level 1 and 2 program requirements are further defined in the projects through the development of child level 3 and 4 requirements, and ultimately to level 5 requirements as they are defined by the systems design engineer. Along with these program requirements the design engineer may decide it necessary to add additional requirements that may not be driven by level 1 or 2 parent requirements. An example of additional subsystem level 5 requirements is the Human Factors Assessment requirements. Once the requirements and the other products related to the system are generated, experts can review all of the requirements and provide Review Item Discrepancies (RIDS) and Action Items to the product owners so that corrections can be made. This is accomplished through the Technical Reviews. Technical Reviews are conducted for the purpose of informing all affected organizations of the progress of a system's development in preparation for key decision points in the formulation and implementation phases of the project life cycle. Technical Reviews are accomplished in progressive steps as the system is developed to allow those affected organizations to anticipate problems that could be avoided before the hardware or software is procured or fabricated. The number of Technical Reviews required will depend on the significance and complexity of the system, or changes in requirements.
The Engineering Directorate's Technical Review process contains three sub-processes:
• Informal Technical Reviews Formal Technical Reviews such as the System Requirements Review (SRR) and Preliminary Design Review (PDR) are conducted during the formulation phase of a project. The System Requirements Review (SRR), Preliminary Design Review (PDR), and Critical Design Review (CDR) are conducted during the design phase of a system Test Readiness Review (TRR), and System Acceptance Review (SAR)/Design Certification Review (DCR) are conducted during the implementation phase of a project culminating in transition from the design and development community to the operational community.
Informal Technical Reviews may be performed in place of the Formal Technical Reviews as agreed to by program/project management and engineering. The main difference between informal reviews and formal reviews are: informal reviews are performed by project manager, and formal reviews are performed by board with support from the project team. Typically, 30-, 60-, and 90-percent Design Reviews will be held in place of PDR and CDR, but other review content variation may be used such as 45-and 90-percent Design Reviews with content of similar PDR and CDR.
GENERAL PROVISIONS
Minimum requirements for Informal Technical Reviews include, but not limited to:
• The size and complexity of the system design shall influence the selection of organizations required to participate in Technical Reviews. Participation by other Centers shall be coordinated through the Program Office.
• Other Design Reviews may be conducted as considered necessary by the responsible design management organization; Delta-90 design review, 45% design review, peer reviews, and lower level design reviews for system assemblies. (1)
RESPONSIBILITIES
The responsible agents for success are: project manager, systems engineer, receipt desk, and the stakeholders such as chief engineer, operations engineer, materials and process engineer, reliability engineer, safety and mission assurance engineer, environmental engineer, human factors engineer, logistics engineer, information engineers, configuration/data management reps, and external disciplines experts: provide their expert support in technical review meetings. The agents play a key role in the process diagram, Figure-1 
TECHNICAL REVIEW PROCESS DIAGRAM
As seen in the technical review process diagram in Figure-1 , the responsible agents are listed at the top. So at the start of the process, the first question to the Project Manager is, is this a formal or informal technical review. If this is a formal review then the project manager refers to page three of the process flow, if it is an informal review then the project manager continues to the next step in the process flow, which is "Determine Technical Review content, schedule and participants". Then the next step in the flow is Prepare Engineering Products. With this step the project manager, the systems engineer, and the design team are all responsible parties. The rest of the flow chart works in this manner. Note: There are six pages to the entire process flow, and only the first page is shown for example in Figure-1 , thus callouts to page 3 and 4 are for illustration.
TECHNICAL REVIEWS
Following from the flow step "Determine Technical Review content", the project engineer would refer to the Engineering Products Outline (EPO). As seen in Figure-2 , there is a product ID for each product title. The Project Attributes establishes the owner, the author, of the product, and when the product is required for each informal design review, 30%, 60% 90%. Two examples of Products are the Lessons Learned Plan/Report [3] , and the Human Factors Assessment [4] . The Lessons Learned Plan/Report is a report documenting how Lessons Learned found in the NASA Lessons Learned Information System (LLIS), historical information, and/or consultation with experts are applied during the design and development of a system as well as how Lessons Learned gathered during the design and development process are added into the LLIS for the benefit of future development efforts. The Human Factors
Assessment is an assessment of the human interface aspects of the design such as operator interaction, accessibility, work environment (heat, light, noise, etc.), controls and display interface, warning annunciation, and other factors.
Other areas covered in the EPO are the formal design review, Test Readiness Review (TRR), Systems Acceptance Review (SAR), and the Design Certification Review (DCR).
PURPOSE OF THE DESIGN REVIEWS
The three key design reviews are the 30% design review, the 60% design review, and the 90% design review. Each of these reviews has its own entrance criteria and exit criteria.
The following describes the purpose for the three design reviews:
• The 30% Design Review demonstrates that the preliminary design meets all system requirements with acceptable risk and within the cost and schedule constraints and establishes the basis for proceeding with detailed design. It will show that the correct design options have been selected, interfaces have been identified, and verification methods have been described.
• The 60% Design Review demonstrates that significant progress has been made in the design since the 30% review and that the design meets all system requirements with acceptable risk within the cost and schedule constraints and confirms readiness to proceed with detailed design. It will show that the design is sound, interfaces have been defined to a significant extent, and verification methods have been confirmed.
• The 90% Design Review establishes the system design baseline. It is conducted just before committing the design to procurement. It allows all affected customers and organizations to review the design to ensure their requirements have been satisfied.
SUBSYSTEM EXAMPLE
One very critical subsystem is the Ground Cooling Subsystem (GCS). Ground Cooling Subsystem for the Pad is Ground Support Equipment (GSE) located in the Ground Cooling Facility at the ground level of the LC 39 Pad B.
The GCS loads and circulates coolant through the Flight to Ground Heat Exchanger to reject heat from the crewed vehicle. The GCS nominally operates during all Orion powered up activities during ground processing. 
Figure-2 Engineering Products Outline
The fluids portion of the GCS from the Space Shuttle Program, and is expected not to change. The electrical portion of the GCS Subsystem is an upgrade from existing controller to the newer controller systems being put in place for the future moon and mars rocket launches.
Associated with the upgrades is the electrical portion of the subsystem. See Figure-3 .
Figure-3 Electrical Portion of GCS
Because the fluids system has been very robust and has been kept in excellent condition, there will most likely not be any major changes to that portion of the subsystem, but in order to interface with the new control systems being put in place at the KSC, the electrical portion of the GCS is going through the design reviews.
As part of the original Space Shuttle Designed system, to reduce the risk of failure during launch the system has (1) three redundant refrigerant loops, (2) three redundant secondary loops, (3) and three redundant pumps in the primary loop, Figure-4 .
During the GCS 30% design review several areas that are explained in the 2713 process were covered and described in the below sections of the review presentation:
• Purpose 
SUMMARY
For many years Kennedy Space Center has performed design development using the systems engineering approach for the specialized processing of spacecraft for crewed vehicles, from Mercury, Gemini Apollo, International Space Station, to the recent Space Transportation System's for out of Low Earth Orbit, i.e. Moon, Mars, etc., developments stemming from the Constellation Program. Because of the expertise carried down from the past, and because of the merging of new technologies coupled with the improved processes Kennedy Space Center is gaged for outstanding successes in crewed spaceflight for the 21 st Century.
